As for many other health outcomes [1] [2] [3] [4] , individuals with a lower education have a higher incidence and mortality of diseases in the circulatory system (here termed cardiovascular disease (CVD)) than individuals with a higher education [5] [6] [7] [8] [9] [10] . Most studies aiming at explaining this inequality have focused on whether it could be due to educational differences in established CVD risk factors [11] such as smoking patterns, hypertension and serum lipids. It is, however, possible that the association between education and CVD is explained by factors operating early in life by influencing both educational achievement, health behaviour and consequently the risk of CVD. However, studies often lack information about early life factors and may thereby leave room for considerable residual confounding. A method that grasps an array of early life influences is the sibling approach [12, 13] . Siblings who grow up together have shared a number of family factors such as parental socioeconomic status and lifestyle, living conditions and 50% of their germline variation. These shared factors are held constant when examining the association within siblings who are discordant on educational status. The association between education and CVD and ischaemic heart Educational inequality in cardiovascular diseases: a sibling approach GRETHE Abstract Aims: Educational inequality in diseases in the circulatory system (here termed cardiovascular disease) is well documented but may be confounded by early life factors. The aim of this observational study was to examine whether the associations between education and all cardiovascular diseases, ischaemic heart disease and stroke, respectively, were explained by family factors shared by siblings. Methods: The study population included all individuals born in Denmark between 1950 and 1979 who had at least one full sibling born in the same period. Using Cox regression, data were analysed in conventional cohort and within-sibship analyses in which the association was examined within siblings discordant on education. Assuming that attenuation of associations in the within-sibship as compared with the cohort analyses would indicate confounding from factors shared within families. Results: A lower educational status was associated with a higher risk of cardiovascular disease, ischaemic heart disease and stroke. All associations attenuated in the within-sibship analyses, in particular in the analyses on ischaemic heart disease before age 45 years. For instance, in the cohort analyses, the hazard rate of ischaemic heart disease among women less than 45 years who had a primary school education was 94% (hazard ratio 1.94 (1.78-2.12) higher than among those with a vocational education, while it attenuated to 51% (hazard ratio 1.51 (1.34-1.71)) in the withinsibship analysis. Conclusions: Confounding from factors shared by siblings explained the associations between education and the cardiovascular disease outcomes but to varying degrees. This should be taken into account when planning interventions aimed at reducing educational inequalities in the development of cardiovascular disease, ischaemic heart disease and stroke. disease (IHD) incidence/mortality, respectively, have been examined using this approach [14] [15] [16] [17] [18] , and some of these studies have found that early life environment explains a part of the associations [15, 16] . However, these associations have not been examined among non-twin siblings in Denmark. Furthermore, the association between education and stroke remains to be examined using a sibling design. Hence, the aim of this study was to examine the extent to which the expected associations between education and all CVDs, IHD and stroke, respectively, were explained by early life environment shared by siblings. This was examined within all full siblings born in Denmark between 1950 and 1979. We hypothesised that the associations would be partly explained by early life shared by siblings. As IHD and stroke may differ in aetiology we suggested that any influence of family factors would vary across these outcomes.
Introduction
As for many other health outcomes [1] [2] [3] [4] , individuals with a lower education have a higher incidence and mortality of diseases in the circulatory system (here termed cardiovascular disease (CVD)) than individuals with a higher education [5] [6] [7] [8] [9] [10] . Most studies aiming at explaining this inequality have focused on whether it could be due to educational differences in established CVD risk factors [11] such as smoking patterns, hypertension and serum lipids. It is, however, possible that the association between education and CVD is explained by factors operating early in life by influencing both educational achievement, health behaviour and consequently the risk of CVD. However, studies often lack information about early life factors and may thereby leave room for considerable residual confounding. A method that grasps an array of early life influences is the sibling approach [12, 13] . Siblings who grow up together have shared a number of family factors such as parental socioeconomic status and lifestyle, living conditions and 50% of their germline variation. These shared factors are held constant when examining the association within siblings who are discordant on educational status. The association between education and CVD and ischaemic heart disease (IHD) incidence/mortality, respectively, have been examined using this approach [14] [15] [16] [17] [18] , and some of these studies have found that early life environment explains a part of the associations [15, 16] . However, these associations have not been examined among non-twin siblings in Denmark. Furthermore, the association between education and stroke remains to be examined using a sibling design. Hence, the aim of this study was to examine the extent to which the expected associations between education and all CVDs, IHD and stroke, respectively, were explained by early life environment shared by siblings. This was examined within all full siblings born in Denmark between 1950 and 1979. We hypothesised that the associations would be partly explained by early life shared by siblings. As IHD and stroke may differ in aetiology we suggested that any influence of family factors would vary across these outcomes.
Methods

Study population
The study population for this register-based study was retrieved from the Danish Civil Registration System. By using the unique personal identification number (CPR) assigned to residents in Denmark, it was possible to link information at the individual level as well as linking siblings through their parents' identity (CPR).
The study population was formed from all individuals born in Denmark between 1950 and 1979. To be included, individuals should be alive and living in Denmark at age 28 years, CPR identification of both parents should be available, and the individuals should be registered as having full siblings (same mother and father) born in the same period. These restrictions led to the exclusion of 843,649 individuals. Consequently, the core study population consisted of 1,381,436 individuals born in Denmark between 1950 and 1979 all of whom had at least one full sibling born in the same period. A flow diagram is shown in Figure 1 .
Based on this study population, three cohorts were defined consisting of individuals who had not been diagnosed with any type of CVD before age 28 years (cohort 1; n=1.346.256), individuals not diagnosed with IHD before age 28 years (cohort 2; n=1.380.809) and individuals not diagnosed with stroke before age 28 years (cohort 3; n=1.378.421).
Exposure, outcomes and covariates
Data on highest achieved school education was obtained from the population's education register [19] . Individuals educational status at age 28 years constituted the main exposure variable and was categorised into five groups (primary school, high school, vocational education (educations aimed towards manual work), higher education, and higher advanced education). Information for the outcome variables were obtained by linkage with the Danish National Patient Register (DNPR) and the Danish Register of Causes of Death. All CVDs (ICD8: 390-458; ICD10: I00-I52, I60-I99), IHD (ICD8: 410-414; ICD10: I20-I25), and stroke (ICD8: 430-438;  ICD10: I60-I69, G45 ) after age 28 years were identified at time of first hospital admission. The validity of CVD diagnosis obtained from the DNPR has been assessed in several studies [20] . They have shown positive predictive values of about 88%, 65% and 96% for CVD, IHD and stroke, respectively. Sex, birth year, birth order and proxy measures for serious health conditions in childhood and young adulthood (disability pension at age 28 years and psychiatric hospitalisation at age 19-27 years) were 
Statistical analysis
The data were analysed using Cox regression analysis with age as the underlying time scale. Each individual in the study population was followed from 1 January in the year he/she turned 28 years until age at event, emigration, or end of follow-up. Follow-up ended on 31 December 2009 for mortality and on 30 June 2011 for hospitalisations. The analyses were performed in two steps. First we conducted a conventional cohort analysis treating each sibling as an individual, taking the interdependence of observations within siblings into account by including a cluster term. Next, the associations were examined within siblings who had achieved different educations and where at least one of them experienced the outcome. In these within-sibship analyses, a variable identifying membership of a sibling group was included as a stratum variable, fixing the baseline hazard within siblings, but allowing it to differ between individuals who were not siblings. Thus, the hazard ratios (HRs) were estimated conditional on the family-level intercept and were similar to conditional logistic regression. It was thereby possible to compare siblings, while keeping common factors fixed (i.e. family factors shared within siblings) and thus not confounded by these. The findings from the conventional cohort and within-sibship analyses were compared by visual inspection of the confidence interval. We expected that the disease aetiology would differ according to age and examined whether the proportional hazard assumption was met. The analyses were split before and after age 45 years due to violation of this. Because of interactions, the analyses on IHD and CVD before age 45 years were stratified on sex. Consequently, only same-sex siblings discordant on educational status were compared in these analyses. All models were adjusted for birth order, disability pension and psychiatric comorbidity in young adulthood.
The sibling analysis rests on the assumption that siblings have shared their environment early in life. We expected that a number of factors would influence the degree of shared early life environment and conducted sensitivity analyses to examine this. We examined whether the associations varied according to the number of siblings, age difference between siblings (less/more than 5 years), and whether they lived together with the same parent(s) at the age of 15 years. Due to register limitations, the latter was only performed among individuals born after 1965. Furthermore, this analysis as well as the analysis on age difference were only performed on individuals with one sibling. In supplementary analyses, we examined whether the associations differed when examined within full siblings as compared to half siblings and individuals without siblings/with missing information on parental ID. Finally, we examined whether individuals with/without missing information on education differed according to the risk of the health outcomes.
results
A total of 90,166 individuals with information on education were diagnosed with CVD during followup, of which 16,143 were IHD and 14,086 were stroke outcomes. Approximately 68% (CVD), 57% (IHD) and 63% (stroke) of those were diagnosed before age 45 years. Many individuals had not reached 45 years at the end of follow-up, which explains the relatively large share of persons diagnosed before age 45 years. The characteristics of the study population in cohort 1 are shown in Table I and resembled those for cohorts 2 and 3 (not shown). The majority of the study population had a vocational education (38.7%), a primary school education (22.5%) or a higher education (22.2%), and the educational achievement tended to decrease with the increasing number of siblings. The incidence rates for CVD were highest among those with a primary school education (5.9 per 1000) followed by those with a vocational education (4.6 per 1000). The incidence rates for IHD and stroke showed the same pattern.
Approximately 40% of siblings achieved different educations. Supplementary Table I shows the educational differences within siblings from families in which at least one sibling was diagnosed with CVD. As shown, primary school versus vocational education was the most frequently occurring educational discordance constellation, followed by vocational education versus higher education.
In the conventional cohort analyses, a lower educational status was associated with a higher hazard rate of all outcomes before and after adjustments (Tables  II and III) . The analyses after age 45 years showed the same pattern of associations for CVD, IHD and stroke, whereas the association between education and IHD was stronger than the associations for CVD and stroke before age 45 years. Education was most strongly associated with IHD among women aged less than 45 years. These associations were attenuated in the within-sibship analyses, in particular for IHD diagnosed before the age of 45 years. In the adjusted cohort analyses, the hazard rate of IHD among women aged less than 45 years with a primary school education was 94% higher (HR 1.94 (1.78-2.12)) than the hazard rate of those with a vocational education, whereas the rate was only 51% higher among women with a primary school education (HR 1.51 (1.34-1.71)) in the within-sibship analyses (Table  III) . As shown in Tables II and III, IHD and stroke more often occurred among men, whereas the number of all CVD diagnoses was more similar among men and women. The somewhat lower number of events in the within-sibship than in the conventional cohort analysis was due to the fact that only siblings who were discordant on educational status and where at least one of them experienced the outcome contributed to the within-sibship analyses. Individuals with missing information on covariates were not included. The findings from the unadjusted analyses resembled the findings from the adjusted analyses.
Sensitivity analyses were conducted to examine whether the strength of association varied according to differences within siblings. Table IV shows the results for CVD. This showed that the associations were similar for siblings living together and apart from each other at age 15 years. Similarly, the association between education and IHD did not differ according to the age difference between siblings (<5 vs. ≥5 years). However, the association between education and all CVDs and stroke, respectively, tended to be slightly stronger when examined within siblings aged five or more years apart than among siblings closer in age, whereas the strength of association did not differ according to the number of siblings in the family. The associations were slightly stronger in the within-sibship analysis when examined among individuals with paternal or maternal half siblings only, indicating a higher degree of shared early life environment among full siblings. Moreover, the associations did not differ according to whether parental information was available or not. Between 5% and 90% of individuals born between 1950 and 1959 were excluded due to missing information on parental ID, but the associations did not differ from the associations among those with parental information born in this period. Likewise, no change in association was shown when examined within individuals without siblings. In addition to this, individuals who emigrated during follow-up (approximately 2% of the study population) had a higher educational level than those individuals who did not emigrate, and in general individuals with missing information on education had an increased risk of stroke and CVD in the cohort analyses (data not shown).
Discussion
In this study based on 1,381,436 individuals, we found inverse associations between education and CVD, IHD and stroke, respectively. The associations attenuated when examined within siblings, in particular in the analyses on IHD before the age of 45 years. This indicates that the degree to which factors related to family of origin explain educational inequalities in CVD is related to both age at onset of disease as well as to the specific CVD outcome. In accordance with our study, a Danish twin study [17] showed stronger associations between education and IHD than between education and CVD. A higher educational gradient in death by IHD as compared to CVD and stroke has also been shown in other studies [21, 22] , although others do not [23, 24] . Differences in strength of associations may be explained by differences in aetiological mechanisms. First, CVD is composed of diseases that differ in aetiology, consequently leading to a weaker association between education and CVD. Second, as suggested by others [25] , genetic effects may be stronger for IHD than for stroke, potentially causing differences in associations.
The attenuation of associations in the within-sibship analyses indicates that shared family factors influence the risk of CVD, IHD and stroke beyond the social influences that arise from educational achievement in adulthood, possibly by genetic predisposition or by the influence of family environment on lifestyle and health behaviour including smoking, exercise and alcohol use [26] . Unfortunately, we had no information on such CVD risk factors in this register-based study. As in our study, Nordic twin [17] and sibling [15, 17, 26] studies also found that confounding by early life environment partly explained the association between education and CVD risk. However, Finnish and Norwegian sibling studies examining the association between CVD mortality and income and education, respectively, showed no family confounding [14, 18, 27] . A previous sibling study [16] also examined the association between education and mortality but stratified the analyses on social class background. The study found a stronger degree of family confounding among siblings from manual families as compared to among siblings from nonmanual families. Thus, the differences in findings between the studies may reflect differences in social class background of the study populations. The present study was based on a large and representative study population and data were retrieved from national registers in Denmark considered of high quality [28] , ensuring generalisability to study populations of similar age, birth year, etc. The information on parental identity from the Danish Civil Registration System was almost complete for persons born after 1955, but the availability of this information decreased rapidly for those born earlier to about 10% in those born in 1950 [29] . However, it is most likely that this information is missing at random. Further sensitivity analyses showed no difference in strength and pattern of associations between individuals with and without parental information. Consequently, we do not believe that this has caused any major selection bias. Likewise, the associations among individuals with siblings were similar to those among individuals without siblings. Information about educational status was retrieved at age 28 years as we assumed that the majority of the study population had initiated their highest education at this age. However, individuals starting their education after this age may be misclassified.
Age differences between siblings and the number of siblings may affect the degree to which siblings have shared their rearing environment and influences throughout childhood. Sensitivity analyses showed that the associations in the inter-sibling analyses did not vary according to whether the siblings lived together in childhood or to the number of siblings. However, the association between education and CVD and stroke, respectively, increased slightly when examined within siblings born five years or more from each other. The latter may reflect that exposure to the same rearing environment does not equal to siblings being influenced by this similarly. For example, it is likely that parental divorce or moving to another city affects a child aged 1 year differently to a child aged 8 years. A sensitivity analyses conducted on half siblings showed stronger associations among these than when conducted among full siblings. Half siblings only share on average 25% of their germline variation (as compared to 50% among full siblings) and they may have experienced more changes in rearing environment than have full siblings. Thus, this supports an effect of early life environment on educational achievement and the risk of CVDs. Table III . Cohort and within-sibship analyses on the association between education and cardiovascular, ischaemic heart disease and stroke, respectively, showing the results from the adjusted Cox regression analyses and number of events in each strata. It is important to note when interpreting the findings the limitations of the sibling approach. First, inclusion of a variable in the model may strengthen the associations even though it does not confound the association [30] . Second, poor health in childhood and other factors potentially affecting educational achievement may be the underlying causes of educational differences within siblings. Thus, unshared confounding by these factors may thereby be more pronounced in the sibling analyses than the cohort analysis [12] , causing the associations to appear stronger when examined within sibships. Consequently, these biases will lead to stronger associations in the sibling analyses, thereby defusing the attenuation of associations. The attenuation of associations in the sibling analyses suggested confounding by factors related to family of origin. However, it may also reflect other mechanisms. First, health in childhood and young adulthood may be linked to educational achievement and health later in life [31] . As proxy measures of this, we adjusted the analyses for disability pension and psychiatric hospitalisations in young adulthood. However, this adjustment had limited impact on the estimates assuming that serious health conditions earlier in life are not an important explanation. On the other hand, residual confounding of health conditions in childhood may, still, be present because these measures only capture a part of the potential health problems in childhood. Second, differences in parental treatment of their children may also cause attenuation of association. Parents with a child with physical limitations may encourage this child to achieve an education in order to ensure the best job opportunities later in life, whereas they may be less prone to do this for children with no physical limitations. In this case, the associations in the inter-sibling analysis would be underestimated. However, it is likely that conditions leading to lower education will also tend to lead to a lower health status, thereby overestimating the associations. It should be noted that the comparison of the cohort and within-sibship analyses are biased ('non-linearity bias' or 'non-collapsibility bias'), such that the HR in the within-sibship analyses will be biased upwards, particularly in situations in which the outcome is strongly associated with shared early life environment. This means that the attenuation we report is likely to be a conservative estimate of the confounding from shared early life environment [30, 32] . Third, siblings may imitate each other in relation to risk behaviour of CVDs, e.g. smoking initiation. This may lead to attenuation of the associations in the sibling analyses and be falsely interpreted as confounding by early life environment. Fourth, as only siblings discordant on educational status contributed to the sibling analyses, misclassification of educational status may be more pronounced within than between siblings, causing attenuation of associations in the sibling analyses. However, educational information is based on high quality data from national registers, and we therefore consider this to be of less concern. Finally, we find it less likely that one sibling's education would influence co-siblings' education or risk of CVD and thus that our study should be subject to carryover effects. [13] In conclusion, this study showed that family factors explained the associations between education and CVD, IHD and stroke to varying degrees, being least pronounced for CVD and most pronounced for IHD -especially before the age of 45 years. Thus, family factors should be given most attention in interventions aimed at reducing inequalities in IHD.
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